The development of an early-onset pneumonia (EOP), occurring within the first 72 hours after admission, represents a critical event in severe thoracic trauma population. The aim of this study was to determine risk factors associated with the occurrence of this complication in this specific population. Methods: A retrospective review of a prospective implemented trauma registry was conducted during a 4-year period in a Level I trauma center. Over the study period, 223 severely injured patients were admitted with severe thoracic trauma (Injury Severity Score Ͼ16 and Thorax Abbreviated Injury Score Ͼ2). Multiple logistic regression analysis was used to determine the independent predictors of EOP based on the clinical characteristics and the initial management both in the field and after admission in the trauma center. Results: Independent predictors of EOP were the necessity of intubation and mechanical ventilation in the field (adjusted odds ratio [OR]: 11.8; 95% confidence interval [CI]: 4.3-32.7), a history of aspiration (OR: 28.6; 95% CI: 4.0 -203.5), the presence of pulmonary contusion (OR: 7.0; 95% CI: 2.0 -23.9), and the occurrence of a hemothorax (OR: 3.2; 95% CI: 1.4 -7.6). Conclusion: These results emphasize the influence of prehospital and early factors in the further occurrence of EOP, which allows the development of early and specific clinical management to prevent it.
S
evere chest trauma remains a leading cause of trauma death after head injury. 1 In this specific population, the impairment of pulmonary function is frequent and multifactorial involving lung contusion, pleural effusions, ventilation to perfusion abnormalities 2 , and inflammatory injury. 3 The implication of chest trauma in mortality 4, 5 is related to the persistent respiratory insufficiency, the development of septic complications such as pneumonia, 6 and multisystemic organ failure. [7] [8] [9] The occurrence of pneumonia has been shown to precede and promote posttraumatic multisystemic organ failure and late mortality. 5, 7, 10 Furthermore, pneumonia appears as the most common infectious complication in multiple injuries patients with a incidence reaching 30% in severe population. 11 Although the influence of ventilator-associated pneumonia (late pneumonia) in the clinical course has been recently documented, 12 the occurrence of early-onset pneumonia (EOP), occurring within the first 72 hours after admission, remains poorly studied. Discriminating EOP from the whole of pneumonia or later pneumonia rely on the fact that identification of EOP predictors could represent the first step of understanding further preventive management. Indeed, the interest in EOP is supported by the precocity of lung dysfunction after the trauma, 5 the potential influence of the initial management in the field, during the transfer and in the trauma center on this early complication. Despite the interest of this issue, there are only few available data in regard to factors implicated in the development of EOP specifically in the most severe patient population.
Therefore, the aim of this study was to perform a multivariate analysis on risk factors associated with the occurrence of EOP in a severe chest trauma population.
PATIENTS AND METHODS

Study Population
A retrospective review of the prospective implemented trauma registry and medical records was performed for all patients admitted to a Level I trauma center for thoracic trauma during a 4-year period ending on 2007. The institutional review board approved the study that was performed in accordance with the 1964 declaration of Helsinki. Informed consent was obtained from the next of kin or the patients or both. Inclusion criteria included the following: severe traumatized patients including thoracic trauma (Injury Severity Score [ISS] 17 and higher and Thorax Abbreviated Injury Score [AIS] Ն3), 13 age Ͼ18 years. Exclusion criteria included burn injury, patients presenting a cardiac arrest on the field, and death within 6 hours of admission.
Data recollection included the following: demographics, vital signs both in the field and on arrival in the trauma center, mechanism of injury, duration of transfer to the Level I center, occurrence of EOP (occurring in the first 72 hours), intensive care unit (ICU) length of stay, and 30-day mortality. The Glasgow Coma Scale (GCS), the revised trauma score, 14 the AIS for head and thoracic trauma, and the ISS 13 were determined for all patients. Most of the relevant factors for pneumonia have been selected and recorded including an aspiration history, an antibiotic therapy, blood loss, rib fractures, hemothorax, pneumothorax, and need for urgent tracheal intubation.
The presence of a hemothorax was recorded as such if the pleural effusion exceeded 300 mL at the first ultrasonography measurement. 15 Pulmonary contusion was recorded as such if the extent of contusion exceeded 20% of the pulmonary parenchyma on the chest computed tomographic scan. 16 
Airway Management
All the intubations were justified by the prehospital medical teams including an emergency physician. To clarify the respective influence of neurologic and respiratory impairment in the intubation indications, we have requested the team in charge of the patient to specify the cause for intubation in the field as follows:
A neurologic cause was reported when the neurologic status imposed the intubation: GCS score Ͻ8 or a rapid impairment in neurologic status. A respiratory cause was reported when the respiratory function was impaired with the presence of a oxygen saturation Ͻ90% despite high oxygen delivery associated with a respiratory rate Ͼ30/min or Ͻ10/min.
As a neurologic and a respiratory impairment were often associated, the main cause for intubation was determined by the physician in charge of the patient. Furthermore, noninvasive ventilation could be indicated in case of isolated thoracic trauma without clinical signs of neurologic or hemodynamic failure at the discretion of the physician in charge of the patient.
The use of a Levin tube was not included in the management protocol neither in the prehospital nor in the ICU.
An aspiration was defined by the macroscopic clearness of gastric content in the upper airway tract during the initial airway management. To prevent false-positive cases, each patient with a doubtful presence of aspiration was finally not recorded as such. Finally, the sole presence of an aspiration was not retained as an indication for intubation.
Early-Onset Pneumonia
EOP was defined using the following criteria, with at least two of the following findings being required for diagnosis: (1) temperature Ն38°C or Ͻ36°C, white blood cells count of Ͼ12 ϫ 10 9 or Ͻ4 ϫ 10 9 , and the presence of purulent tracheobronchial secretions; (2) new or changing infiltrate on chest radiograph within the first 72 hours after admission; (3) confirmation by fiberoptic bronchoscopy with bronchoalveolar lavage (BAL) and quantitative culture (Ͼ10 5 colony forming units/mL) 17 for patients submitted to mechanical ventilation.
Prophylactic Antibiotics
During the study period, data indicating a potential interest in prophylactic antibiotics use were not available and therefore no systematic antibiotherapy was done. 18 Because extended pulmonary contusion may cause elevated body temperature and elevated leukocytosis, no antimicrobial therapy related to a pulmonary cause was prescribed before BAL was performed. If other injuries justified an early antimicrobial therapy, this data were collected as such. Only the first episode of pneumonia in each patient was considered.
Statistical Analysis
Statistical analyses were conducted using statistical software (SPSS 15.0.1; Chicago, IL). Statistical significance was established at p Ͻ0.05. For continuous variables, comparisons were performed using the Student's t test or the Wilcoxon's test when the distribution was nongaussian. The 2 test was used for comparison of discrete variables (or Fisher exact test, as appropriate). Identification of the study variables (continuous and categorical variables) contributing to the development of EOP (dependent variable) was performed using multivariate analysis. Multivariate analyses were performed using a logistic regression model to determine the odds ratio along with 95% confidence interval. Variables significantly associated in univariate analysis with a p value Ͻ0.20 were entered into the model and retained through forward selection (p Ͻ 0.05). Because some variables might be surrogate markers of others, a careful appraisal of the variables selected was performed to prevent colinearity. Calibration of the logistic model was assessed using the Hosmer-Lemeshow goodness-of-fit test to evaluate the discrepancy between observed and expected values. In addition, receiver operating characteristic curve was used to predict the occurrence of EOP. The area under the receiver operating characteristic curve represents the probability that a randomly chosen patient with EOP is correctly ranked for a given risk factor with greater suspicion than a randomly chosen patient without EOP.
RESULTS
Study Population
During the study period, 223 severely injured patients were admitted to the trauma center with severe thoracic trauma. The patient population consisted of 76% men and 24% women with an average age of 37 Ϯ 17 years and an average body mass index of 24 Ϯ 3 kg/m 2 . Blunt thoracic injury was the predominant type with 86% of the study population. The remaining 32 patients sustained penetrating wounds consisting of 17 stab wounds (53%) and 15 gunshot wounds (47%). The mean ISS for the study population was 27 Ϯ 19 with a mean revised trauma score of 6.5 Ϯ 1.9 and a GCS score of 11 Ϯ 4 at the scene. Main characteristics of both populations (with or without EOP) are reported in the Table 1 . Among all patients, 64 have received antimicrobial therapy before performing BAL because of extrapulmonary infection.
Early-Onset Pneumonia
Sixty-five patients (29%) developed early pneumonia in the first 72 hours after admission. Patients presenting pneumonia were characterized by the seriousness of thoracic trauma with frequent rib fractures, pulmonary contusions, hemothorax, and related respiratory insufficiency (Table 1) . Those patients also presented frequent neurologic trauma with the necessity of intubation and mechanical ventilation ( Table 1 ). The occurrence of an early pneumonia was associated with a longer ICU stay and longer mechanical ventilation duration. Although the overall mortality was not different between patients who presented and not presented pneumonia, the late deaths (Ͼ120 hours after admission) were more frequent in the pneumonia group. Table 1 is descriptive and in this way, the EOP was presented as the independent variable. Conversely, in the multivariate model, the EOP was considered as the dependent variable.
Although the late deaths were mainly related to head injuries and subsequent consequences in the no pneumonia group (four of the six deaths), the causes in the pneumonia group were related to postinjury multiple organ failure in three cases, head trauma in two, and pulmonary embolism in one. Pathogens isolated in EOP are displayed in Table 2 . From all the BAL performed, 47 patients presented one identification, 17 patients presented no identification, and only 1 patient has presented two identifications (Staphylococcus aureus and Haemophilus influenzae).
Risk Factors
After univariate analysis, some variables appeared to be surrogate markers of others. Therefore, after an appraisal of potential colinearity, several factors were not entered in the final model. For example, the GCS in the field was closely correlated with the necessity for tracheal intubation and mechanical ventilation (GCS score of 7.9 Ϯ 4.3 for patients intubated vs. GCS score of 14.7 Ϯ 0.8 for patients not intubated). Multiple logistic regression analysis revealed that four variables were independently associated with the occurrence of EOP after adjustment for the sex gender, age, and ISS. These variables were the necessity of intubation with mechanical ventilation in the field, the presence of a pulmonary contusion, a history of aspiration during the field management, and the presence of a hemothorax ( Table 3) . The results of the Hosmer-Lemeshow goodness-of-fit test were a 2 of 4.095 with 8 ddl, p ϭ 0.848. This model has shown a discriminant ability tested by the area under the receiver operating characteristic curve. The value of the area under the receiver operating characteristic curve for the model was 0.896, 95% confidence interval: 0.786 -0.905.
Patient's Chest Drainage
After the chest trauma, 44 patients required chest drainage in the field and 101 patients benefited from the drainage after their admission in the Level I center. The average of hemothorax in the first 4 hours after drainage for the whole population was 1223 Ϯ 932 mL. In the 44 patients who benefited from chest drainage in the field, an isolated pneumothorax was found in 11 patients (25%), an isolated hemothorax in 2 patients (4.5%), and an association of both in 31 patients (70.5%) with an average hemothorax of 1017 Ϯ 657 mL (from the drainage to 4 hours after admission). The success rate for urgent chest tube insertion, defined by the correct location at the computed tomographic scan and clinical effectiveness, was 84%.
In the 101 patients who required chest drainage after admission, an isolated pneumothorax was found in 23 patients (23%), an isolated hemothorax in 25 patients (25%), and an association of both in 53 patients (52%). From those 101 patients, 54 required urgent thoracic drainage on arrival, indicating the appearance of drainage during the transfer to the trauma center.
Tracheal Intubation
The main reason for intubation in the field for the whole population was neurologic (64 patients) followed by respiratory reason (54 patients). Aspiration was suspected (initial clinical suspicion during the intubation) in 17 patients intubated for neurologic reason. Considering separately patients with or without EOP, patients from the pneumonia group were mainly intubated for respiratory causes compared with neurologic ones (23 vs. 21 patients), whereas patients from the no pneumonia group were characterized by a lesser respiratory cause rate (31 patients vs. 43 patients). No patient required noninvasive ventilation during the transfer. Nine patients required tracheal intubation after admission in the trauma center, seven for respiratory aggravation, and two for neurologic aggravation.
DISCUSSION
This study was performed to determine risk factors for EOP in a severe thoracic trauma population. The main result was that development of EOP was associated not only with factors related to the seriousness of thoracic injury (pulmonary contusions and hemothorax) but also with factors reflecting the management in the field.
In the severe thoracic trauma population, the impairment of lung function is implicated both in the early mortality with related hypoxemia and participation to blood loss by hemothorax 7 and in the late mortality (i.e., after the first 120 hours) related to the development of septic complications, respiratory insufficiency, and multisystemic organ failure. [7] [8] [9] The choice of EOP (occurring within the first 72 hours after admission) as our main depending factor was based first on the precocity of lung dysfunction after the trauma and second on the lack of precise data concerning the most concerned population: severe thoracic trauma patients.
Implication of EOP on Further Clinical Course
The occurrence of pneumonia could represent the first step in the development of multiple organ dysfunction, preceding and promoting further worse evolution. 5, 19 In this sense, Ciesla et al. 5 have reported the development of respiratory dysfunction with an average of 1.6 days postinjury compared with a later dysfunction of other organs. A precocious lung inflammatory injury has also been reported after blunt thoracic trauma, 3 leading to an additional hit as the contusion or aspiration. Finally, it has been demonstrated that pneumonia is an independent predictor of late death in thoracic trauma patients. 8 The impact of ventilator-associated pneumonia in a severe head injury population has been analyzed recently with an association with greater duration of mechanical ventilation and ICU stay. 12 According to these findings, our results demonstrated that the occurrence of EOP was associated with a prolongation in mechanical ventilation duration, ICU length of stay, and late mortality. The implication of pneumonia in multisystemic organ dysfunction can be explained by a persistent release of inflammatory mediators from the lung, which impair the recovery of pulmonary function and represent a second systemic insult after the trauma. 5, 20 Moreover, the prolonged period of mechanical ventilation induced both by the pneumonia and associated injuries like head trauma represents itself another factor previously reported. 21 We report here a pneumonia incidence of 29%, which is in accordance with previous results. 11
Pneumonia in Severe Thoracic Trauma Patients
Although several studies have tackled the issue of ventilator-associated pneumonia in severe head injury population 12 or larger but inhomogeneous trauma patients, 8, 11 a specific analysis of EOP have not been performed since the study of Antonelli et al. 22 Although interesting, the study of Antonelli et al. 22 included all trauma patients without a sufficient number of patients to perform a specific analyze on such trauma population. Moreover, apart from the study of Eckert et al., 11 most previous studies have not included clear data concerning the management and the trauma history from the field even though Croce et al. 6 have highlighted the necessity of an early identification of high-risk group. Finally, most of the previous studies did not concern thoracic trauma population.
Determination of Risk Factors
Knowing the clinical relevance of pneumonia (without regard to the time of development), several investigations have been attempted to identify risk factors so as to define risk population. These factors included notably age, severe head injury or GCS score, hypotension on admission, thorax AIS, increased ISS, or need for urgent intubation. 6, 11, 22, 23 Results of our analysis were partially in agreement with previous results. Indeed, after performing multivariate analysis, four variables were identified as independent risk factors including specific factors related to the management in the field with the necessity of intubation (i.e., with mechanical ventilation), a history of aspiration in the field. The implication of the necessity for mechanical ventilation has been already reported by Eckert et al. 11 Conversely, the ISS did not reach sufficient significativity to be retained in our final model. This absence of discriminant ability has also been pointed out by Miller et al. 16 in a thoracic trauma population. Although Pape et al. 24 have demonstrated that the association of extensive contusions and hemopneumothorax was associated with chest-related death, the influence of pulmonary contusions and hemothorax on the development of infectious complications remains a matter of debate. Considering EOP, Antonelli et al. 22 have reported pulmonary contusions as significant in the univariate but not in the multivariate analysis. 22 The presence of contusions in a severe head trauma population seemed to increase morbidity but neither the occurrence of pneumonia nor the mortality. 25 Conversely, after a careful determination of contusion volume, Miller et al. 16 have reported an association between the extent of lung contusion and the development of acute respiratory distress syndrome. The existence of contusions as a risk factor for development of EOP in our study confirms the Miller's results. Another novelty of our analysis relied on the influence of hemothorax on complication like EOP. Obviously, the presence of a hemothorax could be considered as a cause of blood losses 8 and ventilation impairment by direct compression resulting in a factor of global tissular hypoxia. Nevertheless, this result requests more thought on future clinical implications.
Clinical Implications
The results of our study emphasize the influence of early factors on the susceptibility to EOP. Our study confirms that pulmonary contusions are clearly implicated in the development of infectious complications with the necessity for precocious assessment and therapeutic management as the use of noninvasive positive pressure ventilation. 26 The present results call equally for future research on the influence of hemothorax and its management in the development of local inflammatory process. Indeed, appropriate management of collected air or fluid or both in the pleural space is based on a complete drainage allowing full expansion and occupation by the lung, thus protecting the lung and pleural space from subsequent complications. In this way, Aguilar et al., 27 analyzing factors associated with the development of post traumatic empyema, have found retained hemothorax and pulmonary contusion as the main risk factors. Although some authors have supported that chest drainage in the prehospital phases reduces mortality and represented a safe and effective tool with low associated morbidity, 28 -30 others emphasized the risk of intrapleural infections or other related complications. 31, 32 Therefore, despite controversies about the best early strategy for hemothorax treatment, 30 the reflection is mandatory. Finally, our results could participate in the determination of high-risk population benefiting from specific therapies such as antibiotherapy, ventilatory strategy, or immunomodulatory therapy.
Study Limitation
Although our title mentioned the analysis of EOP occurrence in severe chest trauma patients, the fact that our population was a multiple trauma one implied the presence of others injuries. This artificial restriction was only based on the fact that our population was mainly and firstly admitted for a severe chest trauma. As our population included specifically severe chest trauma patients, the influence of specific injuries (i.e., hemothorax or contusion) on the occurrence of EOP could not be generalized to the overall trauma population. In nonintubate patients, contusion, aspiration, and pneumonia can lead to similar pictures. To differentiate these complications, a restrictive definition was applied for each with the risk of underestimation. This study was conducted in France with an initial management performed by prehospital team including an emergency physician, which differs from others' country organization but allowed the collection of reliable clinical criteria notably in regard to initial airway management. The thoracic trauma is often associated with other injuries and especially brain injuries, which make complex a clear differentiation between respiratory and neurologic factors. As this aspect reflect the difficulty to determine the mechanisms of EOP occurrence in a multiple trauma population with several confounding factors, our results provide new insights in the understanding notably in regard to the prehospital phase. Although the potential implication of EOP in early mortality cannot be assessed from this study related to the number of patients included, our preliminary results call for larger multicenter studies to assess this influence.
CONCLUSIONS
In regard to our population, the necessity for intubation in the field, the presence of an aspiration, a hemothorax, and a pulmonary contusion appear associated with the development of an EOP. This statement could improve the management of the most severe thoracic trauma patients by the development of specific protocol.
